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The MS@Work study: a 3-year prospective
observational study on factors involved
with work participation in patients with
relapsing-remitting Multiple Sclerosis
Karin van der Hiele1,2,3*, Dennis A. M. van Gorp1,2,3,9, Marco A. P. Heerings1, Irma van Lieshout4, Peter J. Jongen5,6,
Michiel F. Reneman7, Jac J. L. van der Klink8, Frans Vosman9, Huub A. M. Middelkoop2,10, Leo H. Visser3,9

and on behalf of the MS@Work Study Group

Abstract

Background: Multiple Sclerosis (MS) is the most common cause of neurological disability in young and
middle-aged adults. At this stage in life most people are in the midst of their working career. The majority of MS
patients are unable to retain employment within 10 years from disease onset. Leading up to unemployment, many
may experience a reduction in hours or work responsibilities and increased time missed from work. The MS@Work
study examines various factors that may influence work participation in relapsing-remitting MS patients, including
disease-related factors, the working environment and personal factors.

Methods/design: The MS@Work study is a multicenter, 3-year prospective observational study on work
participation in patients with relapsing-remitting MS. We aim to include 350 patients through 15–18 MS outpatient
clinics in the Netherlands. Eligible participants are 18 years and older, and either currently employed or within three
years since their last employment. At baseline and after 1, 2 and 3 years, the participants are asked to complete
online questionnaires (including questions on work participation, work problems and accommodations, cognitive
and physical ability, anxiety, depression, psychosocial stress, quality of life, fatigue, empathy, personality traits and
coping strategies) and undergo cognitive and neurological examinations. After six months, patients are requested
to only complete online questionnaires. Patient perspectives on maintaining and improving work participation and
reasons to stop working are gathered through semi-structured interviews in a sub-group of patients.

Discussion: Prospective studies with long-term follow-up on work participation in MS are rare, or take into account
a limited number of factors. The MS@Work study provides a 3-year follow-up on various factors that may influence
work participation in patients with relapsing-remitting MS. We aim to identify factors that relate to job loss and to
provide information about preventative measures for physicians, psychologists and other professionals working in
the field of occupational health.
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Physical disability
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Background
Multiple Sclerosis (MS) is a chronic, inflammatory, de-
myelinating and degenerative disease affecting the cen-
tral nervous system [1]. MS is the most common cause
of neurological disability in young and middle-aged
adults [2, 3]. At this stage in life most people are at the
beginning or in the midst of their working career. Work
participation is important for a person’s sense of self-
respect, social contacts and providing a feeling of useful-
ness and satisfaction. Job loss has been associated with
worse self-reported health and increased adverse health
behaviors after job loss [4]. A large number of patients
with MS (55-58 %) are unable to retain employment
following diagnosis [5, 6]. In those with a paid job, a re-
duction in hours or work responsibilities, presenteeism
and increased time missed from work can be observed
[7, 8]. From a societal perspective, the loss of productiv-
ity in MS leads to significant socio-economic costs. A
recent Danish study highlighted the economic impact
of costs associated with productivity loss in MS, which
are much higher than the healthcare costs (including
hospitalization costs, outpatient clinic costs, primary
care costs and drug costs) [9]. In fact, employment rate
was found to be affected up to eight years before the
diagnosis of MS. In a Dutch study, it was found that
production losses contribute to a significant proportion
(45.8 %) of the total annual MS-related costs. It should
be noted that these production costs are mainly related
to early retirement due to MS, while costs related to
long-term sick leave and short-term absence contribute
less [10]. The high prevalence of unemployment among
MS patients and the large personal and societal costs
involved underline the need to study factors associated
with unemployment and work absence in MS.

Factors related to unemployment and work absence in
MS
The causes of unemployment in MS involve a complex
interaction between disease-related factors, the working
environment, job demands and personal factors [11].
Many studies on work ability or work status in MS

focus on physical and cognitive measures as primary
determinants of work capacity. Cognitive functions such
as working memory, episodic memory and processing
speed have been identified as important predictors of
employment status [12, 13]. Cognitive functioning re-
mains an important predictor even when controlling for
depression and disease course [12]. A 3-year follow-up
of employed MS patients revealed that cognitive decline,
especially in verbal memory and processing speed, dis-
tinguishes MS patients who progressed to work disability
(28,9 %) from those who did not [14]. The latter study
utilized both a conservative and liberal definition of deteri-
orated employment status. The conservative approach

required a person to deteriorate from being gainfully
employed to being disabled with formal disability benefits
(occurring in 28,9 % of the participants over three years),
while the liberal approach accepted any reduction in hours
or work responsibilities (occurring in 45,5 % of the partici-
pants). A review study found ample support for the influ-
ence of physical functioning (indicated by level of
neurological disability or the number and type of mobility
aids) and cognitive functioning (indicated by memory
functioning, verbal ability and self-perceived cognitive
function) in work ability [15]. However, although limita-
tions in physical and cognitive function hinder an individ-
ual’s ability to work, they cannot solely explain work
capacity [15]. Other factors, such as educational level, type
of work, fatigue, health perception, depression, personality
and type of immunomodulatory treatment are also in-
volved when predicting work participation [3, 8, 16, 17].
A study by Honarmand and colleagues [8] focused

on the influence of neurological, demographic, psy-
chological and cognitive factors on employment status
(i.e. ‘employed’ versus ‘unemployed’) [8]. Cognitive
and physical measures appeared as a robust predictor
of employment status. Interestingly, higher depression
scores and lower scores on the personality constructs
‘agreeableness’ and ‘extraversion’ were also associated
with unemployment. A combination of symptoms of
depression, less agreeableness and lower cognitive and
physical functioning predicted 49,8 % of the variance
in employment status.
The findings of a recent study indicate that already

one year after the diagnosis of clinically isolated syn-
drome and relapsing-remitting MS, power of attention
and memory are associated with a capability of working
less hours, and that fatigue, depression and disease im-
pact may negatively, and self-efficacy positively affect
working hours [18].
The manner of coping with problems also tends to be

a factor influencing work participation. Lode and col-
leagues [19] found that disability pensioned patients
employed more problem-focused, emotion-focused and
avoidant coping strategies than MS patients without a
disability pension. Previous research has shown that
emotion-focused and avoidant coping strategies are con-
sidered dysfunctional in adaptation to a chronic disease
[20, 21].
The working environment is a very important factor

for work participation when diagnosed with MS, includ-
ing environmental factors, social factors, workplace factors
and work demands [11]. Higher odds of unemployment
have been observed in jobs requiring physical strength,
manual precision and frequent moves, while protective
factors include working in the public sector, a desk job or
other sitting work [22]. Other important variables in-
clude accessibility and temperature of the workplace,
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available workplace accommodations (e.g. a flexible
schedule, ergonomic work station, preferred parking),
employer and colleague support, negative work events
and perceived workplace difficulties [11, 23, 24].
Treatment with immunomodulators, including glatira-

mer acetate and the beta-interferons, is widely supported
in relapsing-remitting MS [25]. Evidence suggests that
immunomodulatory treatment reduces disease progres-
sion, as evidenced by a reduction in relapse rate [25] and
less fatigue [26]. Several studies focused on the effects of
immunomodulatory treatment on work absence in MS
[16, 27, 28]. Type of immunomodulatory treatment was
found to affect the number of days missed from work,
although not always in the desired direction. Effects dif-
fered per type of immunomodulatory treatment.

Study objectives and hypotheses
Most evidence for factors associated with work partici-
pation comes from cross-sectional studies. Prospective
studies are rare, or take into account a limited number
of factors. The main aim of the MS@Work study is to
examine predictors of (changes in) employment status
and work absenteeism in relapsing-remitting MS pa-
tients over a period of three years. By taking into ac-
count a wide variety of disease-related, work-related and
personal factors this study may reveal typical patterns
leading to changes in work participation. Identifying
these patterns provides useful information about pre-
ventative factors for physicians, psychologists and other
professionals working in the field of occupational health.
This leads to the following research questions:

(1) Are there differences in cognitive, neurological and
psychological functioning between employed and
unemployed patients at baseline?

(2) What (combination of) cognitive, neurological,
psychological and work-related factors predict
(changes in) employment status and work
absenteeism over a period of three years?

(3) What is the relation between initiating
immunomodulatory treatment and work
participation over a period of three years?

(4) What reasons to stop working are provided
retrospectively by patients with relapsing-remitting
MS?

(5) From a patient perspective: what can be done to
maintain or improve work participation?

Overall, this study is considered exploratory; we in-
clude detailed cognitive, psychological and work-related
measures that have not been studied in the context of
longitudinal work participation. Employment status will
be defined in both a conservative and liberal manner,
and will also pertain to self-employed patients. The

qualitative analyses will give more in-depth information
about factors involved with work participation from a
patient perspective.
Based on existing literature we expect to find more

cognitive, physical and psychological problems in non-
employed as compared with employed MS patients at
baseline. Leading up to a lowered employment status
and more work absenteeism, executive difficulties, in-
creased fatigue, psychological problems and work diffi-
culties are expected to become more apparent. MS
patients receiving immunomodulatory treatment are
expected to miss less days from work and have a more
stable employment status over the 3-year study period,
as compared with relapsing-remitting MS patients re-
ceiving no immunomodulatory treatment. This is ex-
pected to be related to less fatigue symptoms and
relapses in patients treated with immunomodulators.

Methods/design
Design and setting
The MS@Work Study Group is a collaboration between
health care professionals and researchers in the field of
MS, occupational health professionals, and 15–18 MS
outpatient clinics in the Netherlands. At this moment, a
collaboration is set up with 15 MS outpatient clinics
(Albert Schweitzer Ziekenhuis, Dordrecht, Alrijne
Ziekenhuis Leiden, Leiden; Amphia Ziekenhuis, Breda;
Canisius-Wilhelmina Ziekenhuis, Nijmegen; Catharina
Ziekenhuis, Eindhoven; Elisabeth-TweeSteden Ziekenhuis,
Tilburg; Jeroen Bosch Ziekenhuis,’s Hertogenbosch;
Maasstad Ziekenhuis, Rotterdam; Medisch Centrum
Alkmaar, Alkmaar; Medisch Centrum Leeuwarden,
Leeuwarden; Orbis Medisch Centrum, Sittard; Rijnstate
Ziekenhuis, Arnhem; St. Anna Ziekenhuis, Geldrop; St.
Antonius Ziekenhuis, Nieuwegein and VieCuri Medisch
Centrum, Venlo). The MS@Work study is a prospect-
ive, observational cohort study in 350 patients with
relapsing-remitting MS who will be recruited from
outpatient clinics in the Netherlands. Inclusion started
in April 2014.

Study population
Eligible subjects should be diagnosed with relapsing-
remitting MS according to the Polman-McDonald cri-
teria 2010 [29]. Furthermore, we plan to include patients
that are 18 years and older, and either currently
employed or within three years since their last employ-
ment. Patients with comorbid psychiatric or neurological
disorders, substance abuse, neurological impairment that
might interfere with cognitive testing (e.g. inadequate
vision) or unable to speak and/or read Dutch are ex-
cluded from the study. Study visits will be rescheduled
in case of an MS relapse within 1 month prior to the
study visit.
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Sample size calculation
The main aim of the study is to examine predictors of
(changes in) employment status and work absenteeism
in relapsing-remitting MS patients over a period of three
years. For this purpose a logistic regression analysis will
be used. A power analysis based on a 5 % significance
level, 80 % power, and an odds ratio of 2.1 indicates
that at least 300 patients need to be included [30].
Taking into account a longitudinal drop-out rate of
10 % [31], the number of patients should be increased
to a minimum of 330 patients. We aim to include at
least 350 patients.

Data collection, processing and storage
MS patients visiting outpatient clinics in the Netherlands,
who meet the inclusion criteria, will be asked to participate
in the MS@Work study. At baseline and after 1, 2 and
3 years participants will be asked to complete online ques-
tionnaires, and undergo neurological and cognitive exami-
nations. After 6 months, participants only need to fill
online questionnaires without undergoing neurological and
cognitive examinations. Table 1 provides an overview of
data collection per time point.
The inclusion and exclusion criteria will be checked by

a neurologist. Eligible patients will be asked to participate
by a letter explaining the study procedures. The letter
includes an informed consent form, a non-responder ques-
tionnaire and return envelope. Patients who are interested
in participating are asked to send back the signed informed
consent form. After receiving this form, the patient will be
contacted and an appointment will be made for neuro-
logical and cognitive examinations. Patients are asked to
complete several online questionnaires at home. For this
purpose a personalized e-mail will be sent with a link to the
online questionnaires. The questionnaires are to be com-
pleted within one week. Within this time frame the ques-
tionnaire may be filled in at moments that are suitable to
the participant. Their answers will be saved automatically.
In case the questionnaires have not been completed within
one week, a reminder e-mail will be sent. Patients who do
not have internet access, or who are not capable of
using a PC are sent a paper-and-pencil version of the

questionnaires. The neurological and cognitive exami-
nations should be performed on one day, and should
preferably take place at the outpatient clinic where the
patient is treated.
The neurological examination will be performed by a

neurologist or a neurologist in training. Psychologists or
trained research nurses will perform the cognitive exam-
inations. Patients will be offered a financial compensa-
tion for traveling expenses. With the patient’s approval,
the general practitioner will be informed of the patient’s
participation in the MS@Work study. The outpatient
clinics will be asked to keep track of the number of pa-
tients that are invited to participate. Patients who do not
wish to participate are asked to complete a brief non-
responder questionnaire. This questionnaire will later be
used to compare non-responders and responders on age,
gender and job characteristics. A subgroup of 20 patients
will be interviewed by one researcher to assess in a
qualitative way the most important factors involved in em-
ployment from a patient perspective and (if applicable) their
reasons for discontinuing employment.
The neurological and cognitive scoring forms are

stored at the MS outpatient clinics. After completion of
the study, the gathered data and scoring forms will be
stored at the Faculty of Social Sciences (Leiden University)
for a period of five years. An SPSS data file (IBM SPSS
statistics 19) will be created in which the data are
stored anonymously. Each patient will receive a personal
code and any identifying information is removed from the
source file. The source file will be accessible to the principal
investigators upon request. Student assistants participating
in data collection will be provided temporary access to the
database. The key database and source file will both be
safeguarded by the coordinating investigator.

Materials/Measures
Neurological examination
In a structured interview data will be collected on dis-
ease course, relapse rate, time of last relapse, current
and previously used medication, co morbid neurological
and psychiatric disorders, substance abuse and neuro-
logical impairment that might interfere with cognitive
testing (e.g. inadequate vision). The examination further
includes the Expanded Disability Status Scale [32] and the
Multiple Sclerosis Functional Composite [33] which com-
bines the 9-Hole Peg Test [34] for assessing arm and hand
function, the Timed 25-foot walk [35] for assessing mobil-
ity and leg function, and the Paced Auditory Serial
Addition Test [36] (see cognitive examination).

Cognitive examination
An overview of the administered tests and correspond-
ing cognitive domains is provided in Table 2. The cogni-
tive examination consists of task representing cognitive

Table 1 Flowchart data collection

Baseline 6 months 1 year 2 years 3 years

Informed consent X X (online) X (online) X (online) X (online)

Online
questionnaires

X X X X X

Neurological
examination

X X X X

Cognitive
examination

X X X X
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domains like memory, processing speed, verbal word flu-
ency, visual spatial processing and higher executive func-
tioning. Most subtests of the Minimal Assessment of
Cognitive Function in Multiple Sclerosis (MACFIMS)
[12], the Trail Making Test [37] and subtests of the
Delis-Kaplan Executive Function System [38] are used.

Questionnaires
The online questionnaires and the constructs they in-
tend to measure are listed in Table 3. The Work Role
Functioning Questionnaire and work-related questions
in the general questionnaire are intended for participants
with a paid job. The Multiple Sclerosis Neuropsychological
Screening Questionnaire is intended for patients and infor-
mants. The Caregiver Strain Index and Neuropsychiatric
Inventory are intended for the caregiver or informant.
The NEO Five-Factor Personality Inventory is only
administered at baseline. In working-age adults the big-
five personality traits are considered stable over a four-
year period [39].

Statistical analyses
Statistical analyses will be performed using SPSS 21.0
(Statistical Package for the Social Sciences version
21.0, IBM, Chicago, Illinois, USA). ATLAS.ti (ATLAS.ti
Scientific Software Development GmbH, Berlin, Germany)
will be used to perform qualitative data analyses.

Predictors of work participation
Depending on the distribution of the data, independent
t-tests, analysis of covariance (ANCOVA), Mann–Whitney
U and Chi-square tests will be used to examine baseline
differences in cognitive, neurological and psychological var-
iables (dependent variables) between employed and un-
employed relapsing-remitting MS patients (independent

Table 2 Cognitive test battery

Test Cognitive domain(s)

Visual Analogue Scale Fatigue and energy (before and after examination)

Controlled Oral Word Association Test [41] Verbal word fluency

Semantic Category Fluency [42] Verbal word fluency

Judgment of Line Orientation Test [41] Visual-spatial processing

Rey Verbal Learning Test [43, 44] Learning and memory

Brief Visuospatial Memory Test-Revised [45] Learning and memory

Symbol Digit Modalities Test [46] Information processing speed and working memory

Paced Auditory Serial Addition Test [36] Information processing speed, flexibility and working memory

Trail Making Test [37] Information processing speed, attention and concept shifting and
executive functioning

Delis-Kaplan Executive Function System Design Fluency Test [38] Fluency in generating visual patterns, response inhibition and
executive functioning

Delis-Kaplan Executive Function System Color Word Interference Test [38] Information processing speed, attention and response inhibition and
executive functioning

Table 3 Questionnaires

Questionnaire Measures

General questionnaire Demographics, disease
characteristics, medication,
characteristics of current and
previous jobs, absenteeism,
presenteeism, work ability [47],
work-related problems and
accommodations [23] and
important job aspects.

Work Role Functioning
Questionnaire [48]

Health-related work
functioning

Multiple Sclerosis Neuropsychological
Screening Questionnaire [49]

Cognitive impairment

Hospital Anxiety and Depression
Scale [50]

Depression and anxiety

Symptom Checklist-90-R
(sleep difficulties) [51]

Sleep difficulties

Modified Fatigue Impact Scale-20 [52] Fatigue impact

Checklist Individual Strength-20-R [53] Fatigue

Every Day Problem Checklist [54] Chronic everyday stress

Multiple Sclerosis Quality of Life-54 [55] Quality of life

NEO Five-Factor Personality
Inventory [56]

Personality

Coping Inventory for Stressful
Situations [57]

Coping strategies

Empathy Quotient [58] Empathy

Multiple Sclerosis Work Difficulties
Questionnaire [24]

Work difficulties

Caregiver Strain Index [59] Caregiver Strain

Neuropsychiatric Inventory [60] Neuropsychiatric problems
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variable). Logistic regression analyses will be used to study
predictors (cognitive, neurological, psychological and
work-related factors) of employment status (i.e. employed
versus unemployed/deteriorated versus stable) in
relapsing-remitting MS patients with a paid job after 1, 2
and 3 years. Multiple regression analysis will be performed
to study associations between cognitive, neurological, psy-
chological and work-related factors (independent variables)
and work absenteeism (dependent variable) in relapsing-
remitting MS patients with a paid job after 1, 2 and 3 years.
Repeated measures analysis of variance will be used to
examine cognitive, neurological and psychological changes
over a period of three years (within-subject factor) in
relapsing-remitting MS patients who lose employment, ver-
sus those who retain employment, versus those who remain
unemployed (between-subjects factor).

Immunomodulatory treatment and work participation
Treatment naive patients initiating treatment with an
immunomodulator (i.e. interferon beta-1a, interferon
beta-1b and glatiramer acetate) will be compared with
treatment naive relapsing-remitting MS patients not
initiating immunomodulatory treatment. Treatment
naive in this context is defined as not previously treated
with an immunomodulatory treatment. Depending on
the distribution of the data, independent t-tests,
ANCOVA, Mann–Whitney U, and Chi-square tests will
be used to examine differences in employment status
and work absenteeism (dependent variables) between
patients initiating immunomodulatory treatment and pa-
tients not initiating this type of treatment (independent
variable). Tests will be performed after 6 months, 1, 2
and 3 years. A paired samples t-test will be used to com-
pare work absenteeism before and after starting immu-
nomodulatory treatment after 6 months, 1, 2 and
3 years. Separate analyses will be performed for each
type of immunomodulatory treatment. On an explora-
tory basis, we will examine changes in fatigue and phys-
ical disability before and after treatment.

Qualitative analyses of semi-structured interviews
To access meanings, structures and essences of employ-
ment 20 semi-structured interviews will be conducted.
The research design moves from lower-level analysis to
higher-level theorizing. As research-strategy, Grounded
Theory will be used. For detailed exploration of the data,
quantitative analysis and Interpretative Phenomenological
Analysis (IPA) will be used.

Ethical considerations
The study was approved by the Medical Ethical Commit-
tee Brabant (NL43098.008.12 1307) and the Board of
Directors of the participating MS outpatient clinics. The
study will be conducted according to the principles of

the Declaration of Helsinki (amended by the 64th WMA
general Assembly, Fortaleza, Brazil, October 2013) and
in accordance with the Medical Research Involving
Human Subjects Act (WMO) [40].

Discussion
The MS@Work study provides a 3-year follow-up on
various factors that may influence work participation in
patients with MS. Key strengths of the study are its
multi-factorial approach and longitudinal design. We in-
clude several disease-related, work-related and personal
factors, that have rarely been studied in combination or
longitudinally. By examining the patients’ physical and
mental well-being and their (work) situation at regular
time intervals, we aim to reveal typical patterns leading
to changes or stability in work participation. This can be
viewed in terms of job loss, but also in terms of which
conditions should be met to maintain a job or to attain
one. Another strength is our use of different (operational)
definitions of work participation and related constructs,
such as work ability, work-related problems, important
job aspects and the need for accommodations.
Qualitative data analyses will be used to examine pa-

tient perspectives on what can be done to improve
work participation and reasons to stop working. This
may provide unique insights in the current socio-
economic climate, that may or may not be beneficial
for work participation in patients with a chronic dis-
ease such as MS. Potential study limitations include a
selection bias; only relapsing-remitting MS patients
are included who visit outpatient clinics in the
Netherlands. We specifically chose to include patients
with a relapsing-remitting disease course, as these are
generally ambulatory and there is a higher possibility
of work participation. This study will be carried out
in a Dutch health care and social security context.
Generalization of results to other contexts may be
limited.
More than half of the people diagnosed with MS are

unable to retain employment which is associated with
high socioeconomic costs. Combined with the fact that
work participation is not only important for a person’s
financial security, but also for one’s sense of self-respect,
social engagement and feelings of usefulness, the need to
research factors influencing work participation in MS is
eminent. The MS@Work study provides an excellent
starting point for future research on work participation
in MS. As the study aims to provide information about
preventative factors for job loss, the outcomes may be
used to design job training programs for MS patients
and to design effective strategies to inform both patients
and employers how to help MS patients maintain their
jobs.

van der Hiele et al. BMC Neurology  (2015) 15:134 Page 6 of 8



Competing interests
The MS@Work study is partially funded by Teva Pharmaceuticals. KH, DG, MH,
IL, MR, JK, FV, HM, LV, EB, MB, JF, SF, BG, WM, PP, WV and DZ declare that
they have no competing interests.
Dr. E.P.J. Arnoldus reports personal fees from honoraria for lectures, and
honoraria for advisory boards from TEVA Netherlands, Biogen Idec and
Novartis, outside the submitted work.
Dr. P.J. Jongen reports other (fees for ICT work) from National MS
Foundation, during the conduct of the study; grants and other (Advisory
Board MS Academia; BALANCE study) from Merck Serono, grants and other
(reparation and presentation “MS Treatment Algorithm”; OBTAIN study) from
Bayer Netherlands, grants from Allergan Inc. (Dutch Actionable Validation
Study), grants from TEVA Netherlands (MS monitor project), grants from
National MS Foundation (Dutch MS Study), outside the submitted work.
Dr. J.J.J. van Eijk received honoraria for lectures, travel grants and honoraria
for advisory boards from TEVA Netherlands, Merck Serono, Genzyme, Biogen,
Idec and Novartis, outside the submitted work.
Dr. G.J.D. Hengstman reports grants and personal fees from Biogen Idec,
grants, personal fees and other from Novartis, grants and personal fees from
Teva Pharmaceuticals, grants and personal fees from Merck Serono, grants,
personal fees and other from Genzyme, outside the submitted work.
Dr. E. Hoitsma reports grants from Genzyme, grants from Biogen, grants from
Bayer, outside the submitted work.
Dr. R.M.M. Hupperts received honoraria for lectures, grants for research and
honoraria for advisory boards from Merck Serono, Novartis, Genzyme Sanofi
and Biogen, outside the submitted work.
Dr. J.P. Mostert reports personal fees from Novartis, Merck Serono, Genzyme,
TEVA, outside the submitted work.

Authors’ contributions
KH: study conception and design, data collection, study coordination, wrote
manuscript. DG: data collection, study coordination, wrote manuscript. MH:
data collection, local study coordination. IL, MR, JK, FV and HM: study
conception and design. PJ: data collection. LV: study conception and design,
data collection, study coordination. The other co-authors in the MS@Work
study group (EA, EB, MB, JE, JF, SF, BG, GH, EH, RH, WM, JM, PP, WV and DZ)
are involved with the acquisition of data and local study coordination. All
authors read and approved the final manuscript.

Authors’ information
MS@Work Study Group, co-authors:
E.P.J. Arnoldus, St. Elisabeth-TweeSteden Hospital, Department of Neurology,
PO Box 90151, 5000 LC Tilburg, The Netherlands;
E.A.C. Beenakker, Medisch Centrum Leeuwarden, Department of Neurology,
PO Box 888, 8901 BR Leeuwarden, The Netherlands;
H.M. Bos, St. Anna Ziekenhuis, Department of Neurology, PO Box 90, 5660 AB
Geldrop, The Netherlands;
J.J.J. van Eijk, Jeroen Bosch Ziekenhuis, Department of Neurology, PO Box
90153, 5200 ME’s-Hertogenbosch, The Netherlands;
J. Fermont, Amphia Ziekenhuis, Department of Neurology, PO Box 90158,
4800 RK Breda, The Netherlands;
S.T.F.M. Frequin, St. Antonius Hospital, Department of Neurology, PO Box
2500, 3430 EM Nieuwegein, The Netherlands;
B.M. van Geel, Medisch Centrum Alkmaar, Department of Neurology, PO Box
501, 1800 AM Alkmaar, The Netherlands;
G.J.D. Hengstman, Catharina Ziekenhuis, Department of Neurology, PO Box
1350, 5602 ZA Eindhoven, The Netherlands;
E. Hoitsma, Alrijne Ziekenhuis Leiden, Department of Neurology, Leiden, PO
Box 9650, 2300 RD Leiden, The Netherlands;
R.M.M. Hupperts, Orbis Medisch Centrum, Department of Neurology, PO Box
5500, 6130 MB Sittard, The Netherlands;
J.W.B. Moll, Maasstad Ziekenhuis, Department of Neurology, PO Box 9100,
3007 AC Rotterdam, The Netherlands;
J.P. Mostert, Rijnstate Ziekenhuis, Department of Neurology, PO Box 9555,
6800 TA Arnhem, The Netherlands;
P.H.M. Pop, VieCuri, Department of Neurology, PO Box 1926, 5900 BX Venlo,
The Netherlands.
W.I.M. Verhagen, Canisius-Wilhelmina Ziekenhuis, Department of Neurology,
PO Box 9015, 6500 GS Nijmegen, The Netherlands;
D. Zemel, Albert Schweitzer Ziekenhuis, Department of Neurology, PO Box
444, 3300 AK Dordrecht, the Netherlands.

Acknowledgements
We thank the MS (research) nurses, psychologists and other healthcare
professionals involved with data acquisition. The MS@Work study is financed
by the National Multiple Sclerosis Foundation, Teva Pharmaceuticals and
ZonMw (TOP Grant, project number: 842003003).

Author details
1National Multiple Sclerosis Foundation, Mathenesserlaan 378, Rotterdam
3023HB, The Netherlands. 2Department of Psychology, Section Health,
Medical and Neuropsychology, Leiden University, PO Box 9555, Leiden 2300
RB, The Netherlands. 3Department of Neurology, St. Elisabeth-TweeSteden
Hospital, PO Box 90151, Tilburg 5000 LC, The Netherlands. 4van Lieshout
Arbo Advies, PO Box 325, Uden 5400 AH, The Netherlands. 5MS4 Research
Institute, Ubbergseweg 34, Nijmegen 6522 KJ, The Netherlands. 6Department
of Community & Occupational Medicine, University Medical Center
Groningen, Ant. Deusinglaan 1, PO Box 30001, Groningen 9713 AV, The
Netherlands. 7University Medical Centre Groningen, Centre for Rehabilitation,
University of Groningen, PO Box 30.002, Haren 9750 RA, The Netherlands.
8Department of Social and Behavioral Sciences, Tranzo Scientific Center for
Care and Welfare, Tilburg University, PO Box 90153, Tilburg 5000 LE, The
Netherlands. 9University of Humanistic Studies, PO Box 797, Utrecht 3500 AT,
The Netherlands. 10Department of Neurology, Leiden University Medical
Centre, PO Box 9600, Leiden 2300 RC, The Netherlands.

Received: 2 June 2015 Accepted: 8 July 2015

References
1. Compston A, Confavreux C, Lassmann H, McDonald I, Miller D,

Noseworthy J, et al. McAlphine’s Multiple Sclerosis. 4th ed. Churchill
Livingstone, Edinburgh: Elsevier Inc.; 2006. p. 601.

2. Gommer AM, Poos MJJC. Cijfers multiple sclerose (prevalentie, incidentie en
sterfte). Nationaal Kompas Volksgezondheid: Volksgezondheid Toekomst
Verkenning; 2010.

3. Krokavcova M, Nagyova I, Van Dijk JP, Rosenberger J, Gavelova M, Middel B,
et al. Self-rated health and employment status in patients with multiple
sclerosis. Disabil Rehabil. 2010;32(21):1742–8.

4. Clougherty JE, Souza K, Cullen MR. Work and its role in shaping the social
gradient in health. Ann N Y Acad Sci. 2010;1186:102–24.

5. Julian LJ, Vella L, Vollmer T, Hadjimichael O, Mohr DC. Employment in
multiple sclerosis. Exiting and re-entering the work force. J Neurol.
2008;255(9):1354–60.

6. Lunde HMB, Telstad W, Grytten N, Kyte L, Aarseth J, Myhr KM, et al.
Employment among patients with Multiple Sclerosis-a population study.
PLoS One. 2014;9(7):e103317.

7. Ivanova J, Birnbaum H, Samuels S, Davis M, Phillips A, Meletiche D. The cost of
disability and medically related absenteeism among employees with multiple
sclerosis in the US. Pharmacoeconomics. 2009;27(8):681–91.

8. Honarmand K, Akbar N, Kou N, Feinstein A. Predicting employment
status in multiple sclerosis patients: the utility of the MS functional
composite. J Neurol. 2011;258(2):244–9.

9. Jennum P, Wanscher B, Frederiksen J, Kjellberg J. The socioeconomic
consequences of multiple sclerosis: a controlled national study. Eur
Neuropsychopharmacol. 2012;22(1):36–43.

10. Kobelt G, Berg J, Lindgren P, Anten B, Ekman M, Jongen PJ, et al. Costs and
quality of life in multiple sclerosis in The Netherlands. Eur J Health Econ.
2006;7 Suppl 2:S55–64.

11. Sweetland J, Howse E, Playford ED. A systematic review of research undertaken in
vocational rehabilitation for people with multiple sclerosis. Disabil Rehabil.
2012;34(24):2031–8.

12. Benedict RH, Cookfair D, Gavett R, Gunther M, Munschauer F, Garg N, et al.
Validity of the minimal assessment of cognitive function in multiple sclerosis
(MACFIMS). J Int Neuropsychol Soc. 2006;12(4):549–58.

13. Benedict RH, Wahlig E, Bakshi R, Fishman I, Munschauer F, Zivadinov R,
et al. Predicting quality of life in multiple sclerosis: accounting for
physical disability, fatigue, cognition, mood disorder, personality, and
behavior change. J Neurol Sci. 2005;231(1–2):29–34.

14. Morrow SA, Drake A, Zivadinov R, Munschauer F, Weinstock-Guttman B,
Benedict RH. Predicting loss of employment over three years in multiple
sclerosis: clinically meaningful cognitive decline. Clin Neuropsychol.
2010;24(7):1131–45.

van der Hiele et al. BMC Neurology  (2015) 15:134 Page 7 of 8



15. Pompeii LA, Moon SD, McCrory DC. Measures of physical and cognitive function
and work status among individuals with multiple sclerosis: a review of the
literature. J Occup Rehabil. 2005;15(1):69–84.

16. Lage MJ, Castelli-Haley J, Oleen-Burkey MA. Effect of immunomodulatory
therapy and other factors on employment loss time in multiple sclerosis.
Work. 2006;27(2):143–51.

17. Simmons RD, Tribe KL, McDonald EA. Living with multiple sclerosis:
longitudinal changes in employment and the importance of symptom
management. J Neurol. 2010;257(6):926–36.

18. Jongen P, Wesnes K, Van Geel B, Pop P, Sanders E, Schrijver H, et al.
Relationship between working hours and power of attention, memory,
fatigue, depression and self-efficacy one year after diagnosis of clinically
isolated syndrome and relapsing remitting multiple sclerosis. PLoS One.
2014;9(5):e96444.

19. Lode K, Bru E, Klevan G, Myhr KM, Nyland H, Larsen JP. Coping with multiple
sclerosis: a 5-year follow-up study. Acta Neurol Scand. 2010;122(5):336–42.

20. Pakenham KI, Stewart CA, Rogers A. The role of coping in adjustment to
multiple sclerosis-related adaptive demands. Psychol Health Med.
1997;2(3):14.

21. Carver CS, Scheier MF, Weintraub JK. Assessing coping strategies: a
theoretically based approach. J Pers Soc Psychol. 1989;56(2):267–83.

22. Verdier-Taillefer MH, Sazdovitch V, Borgel F, Cesaro P, Kurtz A, Millet MF,
et al. Occupational environment as risk factor for unemployment in multiple
sclerosis. Acta Neurol Scand. 1995;92(1):59–62.

23. Benedict RHB, Rodgers JD, Emmert N, Kininger R, Weinstock-Guttman B.
Negative work events and accommodations in employed multiple sclerosis
patients. Mult Scler. 2014;20(1):116–9.

24. Honan CA, Brown RF, Hine DW, Vowels L, Wollin JA, Simmons RD, et al.
The multiple sclerosis work difficulties questionnaire. Mult Scler.
2012;18(6):871–80.

25. Corboy JR, Goodin DS, Frohman EM. Disease-modifying Therapies for
Multiple Sclerosis. Curr Treat Options Neurol. 2003;5(1):35–54.

26. Metz LM, Patten SB, Archibald CJ, Bakker JI, Harris CJ, Patry DG, et al. The
effect of immunomodulatory treatment on multiple sclerosis fatigue.
J Neurol Neurosurg Psychiatry. 2004;75(7):1045–7.

27. Rajagopalan K, Brook RA, Beren IA, Kleinman NL. Comparing costs and absences
for multiple sclerosis among US employees: pre- and post-treatment initiation.
Curr Med Res Opin. 2011;27(1):179–88.

28. Ziemssen T, Hoffman J, Apfel R, Kern S. Effects of glatiramer acetate on
fatigue and days of absence from work in first-time treated
relapsing-remitting multiple sclerosis. Health Qual Life Outcomes. 2008;6:67.

29. Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al.
Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria.
Ann Neurol. 2011;69(2):292–302.

30. Hsieh FY, Bloch DA, Larsen MD. A simple method of sample size calculation
for linear and logistic regression. Stat Med. 1998;17(14):1623–34.

31. Amato MP, Ponziani G, Siracusa G, Sorbi S. Cognitive dysfunction in
early-onset multiple sclerosis: a reappraisal after 10 years. Arch Neurol.
2001;58(10):1602–6.

32. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded
disability status scale (EDSS). Neurology. 1983;33(11):1444–52.

33. Fischer JS, Rudick RA, Cutter GR, Reingold SC. The Multiple Sclerosis Functional
Composite Measure (MSFC): an integrated approach to MS clinical outcome
assessment. National MS Society Clinical Outcomes Assessment Task Force. Mult
Scler. 1999;5(4):244–50.

34. Earhart GM, Cavanaugh JT, Ellis T, Ford MP, Foreman KB, Dibble L. The
9-hole Peg test of upper extremity function: average values, test-retest
reliability, and factors contributing to performance in people with Parkinson
disease. J Neurol Phys Ther. 2011;35(4):157–63.

35. Kaufman M, Moyer D, Norton J. The significant change for the timed
25-foot walk in the multiple sclerosis functional composite. Mult Scler.
2000;6(4):286–90.

36. Gronwall DM. Paced auditory serial-addition task: a measure of recovery
from concussion. Percept Mot Skills. 1977;44(2):367–73.

37. Reitan R. Trail making test: manual for administration, scoring, and interpretation.
Bloomington: Indiana University; 1956.

38. Delis DC, Kramer JH, Kaplan E, Holdnack J. Reliability and validity of the
Delis-Kaplan executive function system: an update. J Int Neuropsychol Soc.
2004;10(2):301–3.

39. Cobb-Clark DA, Schurer S. The stability of big-five personality traits. Econ
Lett. 2012;115(1):11–5.

40. World Medical Association. World Medical Association Declaration of
Helsinki: ethical principles for medical research involving human subjects.
JAMA. 2013;310(20):2191–4.

41. Benton AL, Sivan AB, Hamsher K, Varney NR, Spreen O. Contributions to
neuropsychological assessment. 2nd ed. New York: Oxford University Press;
1994.

42. Mulder JL, Dekker PH, Dekker R. Woord-fluency test/ figuur-fluency test,
handleiding. PITS: Leiden; 2006.

43. Brand N, Jolles J. Learning and retrieval rate of words presented auditory
and visually. J Gen Psychol. 1985;112:9.

44. Rey A. L’examin clinique en psychologie Paris. France: Presses Universitaires
de France; 1958.

45. Benedict RHB, Schretlen D, Groninger L, Dobraski M, Shpritz B. Revision of
the brief visuospatial memory test: studies of normal performance,
reliability, and validity. Psychol Assess. 1996;8:8.

46. Smith A. Symbol digit modalities test: manual. Western Psychological
Services: Los Angeles; 1982.

47. Tuomi K, Ilmarinen J, Eskelinen L, Jarvinen E, Toikkanen J, Klockars M.
Prevalence and incidence rates of diseases and work ability in different
work categories of municipal occupations. Scand J Work Environ Health.
1991;17 Suppl 1:67–74.

48. Abma FI, Van der Klink JJ, Bultmann U. The work role functioning
questionnaire 2.0 (Dutch version): examination of its reliability, validity and
responsiveness in the general working population. J Occup Rehabil.
2013;23(1):135–47.

49. Benedict RH, Munschauer F, Linn R, Miller C, Murphy E, Foley F, et al.
Screening for multiple sclerosis cognitive impairment using a self-
administered 15-item questionnaire. Mult Scler. 2003;9(1):95–101.

50. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983;67(6):361–70.

51. Arrindell WA, Ettema JHM. Klachtenlijst (SCL-90-R). Amsterdam: Harcourt
Assessment B.V; 2004.

52. Kos D, Kerckhofs E, Nagels G, D’Hooghe BD, Duquet W, Duportail M, et al.
Assessing fatigue in multiple sclerosis: Dutch modified fatigue impact scale.
Acta Neurol Belg. 2003;103(4):185–91.

53. Vercoulen JH, Swanink CM, Fennis JF, Galama JM, Van der Meer JW,
Bleijenberg G. Dimensional assessment of chronic fatigue syndrome.
J Psychosom Res. 1994;38(5):383–92.

54. Vingerhoets AJJM, Van Tilburg MAL. Alledaagse problemen lijst (APL). Swets
Test Services: Lisse; 1994.

55. Vickrey BG, Hays RD, Genovese BJ, Myers LW, Ellison GW. Comparison of a
generic to disease-targeted health-related quality-of-life measures for
multiple sclerosis. J Clin Epidemiol. 1997;50(5):557–69.

56. Hoekstra HA, Ormel J, De Fruyt F. NEO PI-R - NEO FFI. Big Five
Persoonlijkheidsvragenlijsten. Handleiding. Lisse: Swets & Zeitlinger; 1996.

57. De Ridder DTD, Van Heck GL. Handleiding coping inventory for stressful
situations. Lisse: Swets Test Publishers; 2004.

58. Allison C, Baron-Cohen S, Wheelwright SJ, Stone MH, Muncer SJ. Psychometric
analysis of the Empathy Quotient (EQ). Pers Individ Dif. 2011;51(7):829–35.

59. Robinson BC. Validation of a caregiver strain index. J Gerontol. 1983;38(3):344–8.
60. Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA,

Gornbein J. The neuropsychiatric inventory: comprehensive assessment of
psychopathology in dementia. Neurology. 1994;44(12):2308–14.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

van der Hiele et al. BMC Neurology  (2015) 15:134 Page 8 of 8


	Abstract
	Background
	Methods/design
	Discussion

	Background
	Factors related to unemployment and work absence in MS
	Study objectives and hypotheses

	Methods/design
	Design and setting
	Study population
	Sample size calculation
	Data collection, processing and storage
	Materials/Measures
	Neurological examination
	Cognitive examination
	Questionnaires

	Statistical analyses
	Predictors of work participation
	Immunomodulatory treatment and work participation
	Qualitative analyses of semi-structured interviews

	Ethical considerations

	Discussion
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References



